Coats' disease is an idiopathic aneurysmal retinal vasculopathy typically seen unilaterally in young boys. 1 Coats' disease is characterised by retinal vascular telangiectasia, intra-retinal and sub-retinal exudation, capillary non-perfusion (CNP) and exudative retinal detachment. It may progress to neovascular glaucoma and a painful blind eye. 2 A less severe form of Coats' disease is described in older individuals that tends to progress at a slower rate. It is often termed as adult-onset Coats' disease in the literature. The largest published series by Smithen and colleagues 3 showed that adult-onset Coats' disease tends to have a limited area of involvement, slower rate of progression and apparently more posterior involvement.
The conventional fundus cameras are able to image 30 to 60 degrees of the retina. The montage images can increase the amount of captured retinal area; however, this may result in significant time and manpower consumption and may be a source of discomfort to the patient. Often it is impossible to image and document the anterior retinal changes occurring in Coats' disease.
Optos Tx200
4 (Optos PLC, Dunfermline, Scotland, UK) is a confocal scanning laser ophthalmoscope-based technology (cSLO), which images up to 200 degrees of the retina and can capture colour, fluorescein angiography, indocyanine green angiography and autofluorescent images. While a skilled clinician may be able to pick up the peripheral findings on examination, ultra-wide field imaging may be particularly useful in providing further information and documentation of these changes. We describe unusual findings in the rare setting of adult-onset Coats' disease using ultra-wide field imaging. Although ultra-wide field imaging has been described in the evaluation of Coats' disease, 5 its use in adult-onset Coats' disease has not been described.
METHODS
This is a retrospective case series of three eyes of three patients diagnosed with adultonset Coats' disease at the retina clinic of our institute. The study was conducted in accordance with the Declarations of Helsinki. The patients of age more than 25 years with idiopathic retinal vascular telangiectasia, aneurysms and exudation were labelled as adult-onset Coats' disease. The patients with type 1 macular telangiectasia only were excluded. The patients with retinal detachment, retinal pigmentary degenerations, intraocular inflammation, radiation exposure, vascular occlusions or other conditions predisposing to retinal vascular telangiectasia were also excluded from the study.
The patients' records were analysed to collect their demographic profiles, including age, sex, details of ocular examination and systemic history. The fundus photographs, fluorescein angiograms, optical coherence tomographic (OCT) scans of the patients were reviewed and treatment records were analysed. The conventional fundus photographs and angiograms were obtained using Zeiss FF 450 fundus camera (Carl Zeiss Meditec, Inc., Dublin, California, USA). The high-definition OCT scans were captured with Cirrus HD OCT (Carl Zeiss Meditec, Inc.).
In addition, the ultra-wide field angiograms using Optos Tx200 were examined and compared with the conventional angiograms to look for any additional information.
RESULTS
Three eyes of three patients diagnosed with adult-onset Coats' disease were identified. The details of demographic data and relevant clinical findings are described in Table 1 .
Case 1
A 47-year-old healthy man presented with complaints of blurring in his left eye for the previous two months. The visual acuity (VA) was 6/6 and 6/36 in the right and left eyes, respectively. The right eye examination was unremarkable. Left eye anterior segment examination and intraocular pressure were normal. A dilated fundus examination of the left eye showed macular oedema, exudation and multiple retinal vascular telangiectasia with surrounding exudation mainly in the temporal fundus ( Figure 1A ,B). Fundus fluorescein angiography using a conventional fundus camera showed an enlarged foveal avascular zone with multiple perifoveal telangiectatic vessels, which leaked in the late phase ( Figure 1C ). Multiple retinal vascular macroaneurysms were also noted in the temporal fundus along with dilated capillary network ( Figure 1D ). In addition, ultra-wide field angiography ( Figure 2A) showed the avascular temporal periphery along with neovascularisation at the junction of perfused and nonperfused retina (blue arrow). Spectral domain OCT (SD-OCT) showed cystoid macular oedema with central macular thickness of 580 microns ( Figure 2B ). The patient was diagnosed as adult-onset Coats' disease and underwent direct laser photocoagulation of the peripheral retinal vascular telangiectasia. The temporal avascular area was also lasered. The patient also received two intravitreal injections of bevacizumab at monthly intervals and a posterior sub-Tenon injection of 20 mg of triamcinolone acetonide.
After nine months, vision had improved to 6/18. Ultra-wide field autofluorescence showed the areas of laser photocoagulation ( Figure 2C ). The macular oedema was reduced with a central macular thickness of 340 microns ( Figure 2D ).
Case 2
A 32-year-old healthy man presented with complains of metamorphopsia in his right eye of one-month duration. Visual acuity was 6/9 and 6/6 in the right and left eyes, respectively. Anterior segment was unremarkable in both the eyes. The left ocular fundus was normal. The right fundus showed an epiretinal membrane (ERM) along the supero-temporal vascular arcade along with inner retinal folds ( Figure 3A) . SD-OCT ( Figure 3B ) confirmed the presence of inner retinal folds without any obvious macular oedema. There were no signs of intraocular inflammation. A seven-standard field photograph did not show any abnormality ( Figure 3A) . Careful indirect ophthalmoscopy showed retinal vascular telangiectasia in the temporal periphery of the right eye that was well seen on an ultra-wide field pseudo-colour picture ( Figure 3C ). Ultra-wide field fluorescein angiography ( Figure 3D ) showed multiple bulblike dilatations of retinal vessels and interspersed CNP areas. In addition an avascular area was noted anterior to the vascular telangiectasia ( Figure 3D, blue arrow) . A diagnosis of Coats' disease with secondary ERM was made. The patient underwent laser photocoagulation to the telangiectasia and non-perfused areas. Although the telangiectasia regressed, ERM persisted. Ultra-wide field autofluorescence was helpful in documenting the lasered peripheral retina ( Figure 3E ). No surgical intervention was done, as the patient was comfortable with his level of vision. The patient was advised to be monitored regularly.
Case 3
A 27-year-old otherwise healthy man presented after three months of decrease of vision in his right eye. The VA was 6/60 in the right eye and 6/6 in the left eye. The left eye was normal. The right eye fundus examination showed macular oedema and hard exudates. In addition, there were typical bulb-like dilatations with surrounding exudation in the temporal fundus ( Figure 4A,B) . The fluorescein angiograms confirmed these leaking aneurysms and showed areas of non-perfusion, which were interspersed with vascular abnormalities. The patient underwent direct laser photocoagulation to these aneurysmal dilatations and received two intravitreal injections of bevacizumab. After six months, VA improved to 6/18. At this time, an ultra-wide field pseudo-colour photograph ( Figure 5A ) showed resolved aneurysms following laser photocoagulation and marked reduction in exudation. Ultra-wide field fluorescein angiography ( Figure 5B ) interestingly showed areas of non-perfusion (red arrow) and peripheral vascular leakage (blue arrow) in the temporal retinal periphery. In addition, few telangiectasia and CNP areas were seen in the nasal periphery of the retina (arrowhead); however, the patient denied any further intervention and was stable over 15 months.
DISCUSSION
Friberg and Forrester 6 first described ultrawide field imaging using Optos in 2004. Since then, many studies have shown the value of ultra-wide field imaging in various disorders like non-infectious retinal vasculitis, 7 diabetic retinopathy, 8 posterior uveitis 9 and paediatric retinal vascular disorders. 10 Kang and colleagues 5 demonstrated the usefulness of ultra-wide field imaging in paediatric cases of Coats' disease. They found that ultra-wide field angiography not only showed neovascularisation but also peripheral non-perfusion, as it was not evident on examination. They concluded that ultra-wide field imaging was especially useful in the paediatric age group, as patients were frequently unco-operative. In the current series, ultrawide field imaging was found to be very useful in the diagnosis as well as management of the patients with adult-onset Coats' disease, as it provided crucial information over and above that provided by conventional imaging.
In the first case, ultra-wide field imaging showed neovascularisation in the periphery of the temporal retina with avascular retina anterior to it. The retinal neovascularisation is a rare feature of Coats' disease and is reported to be present in only two to three per cent of cases. 2, 11 In the largest series (13 eyes) of adult-onset Coats' disease by Smithen and colleagues, 3 neovascularisation was not seen even in a single patient. Also, the nonperfusion areas in Coats' disease are usually interspersed between the areas of vascular abnormality.
3 Ultra-wide field angiography as in this case may show more peripheral areas of non-perfusion and retinal neovascularisation. Detection and treatment of such lesions may prevent the appearance of more vascular abnormalities, as is commonly seen in patients with Coats' disease.
The second case highlights the importance of ultra-wide field imaging in the diagnosis of Coats' disease presenting with an ERM. 
